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a b s t r a c t
Objectives: The aim was to investigate associations between factors and the incidence of
erosive wear in lower first molars and upper incisors, and to investigate whether these
associations differ between these locations.
Methods: The study sample of this 3-year longitudinal study consisted of 572 children (mean
age 11.9 years, SD = 0.9). The permanent dentition was examined for erosive wear according
to a modified Lussi-index (1996). Information on biological and behavioural factors was
gathered by clinical examinations (at baseline, after 1.5 and 3 years) and by questionnaires
(every six months).
Results: The incidence of erosive wear in upper incisors over 3 years was 22.2%, for lower
first molars the incidence was 14.8%. Multivariate logistic regression analysis showed that
carbonated soft drink (OR = 1.04) and tooth grinding (OR = 2.93) were positively associated
with the incidence of erosive wear in upper incisors and milk (OR = 0.95) and yoghurt
products (OR = 0.88) were negatively associated. The incidence of erosive tooth wear in
lower first molars was positively associated with alcoholic mixed drink (OR = 1.45) and tooth
grinding (OR = 4.00) and was negatively associated with milk (OR = 0.96) and yoghurt
products (OR = 0.84). The incidence of erosive wear in lower first molar was lower in girls
than in boys (OR = 0.51). t-Tests on the odds ratios of the factors showed that between the
two incidence models only the odds ratios of anterior contact significantly differed.
Conclusions: In the present study, except for anterior contact, no substantial differences in
risk factors between the incidence of erosive wear in lower first molars and upper incisors
were found. This indicates that the aetiology of erosive wear for the two locations is similar.
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The susceptibility to erosive wear has been reported to vary
among individuals1 and within dental arches.2 In adolescents
with erosive wear, the first molars (especially the lower ones)
and upper anterior teeth are mostly involved. Erosive wear
lesions in molars are mainly located on the occlusal surface,* Corresponding author. Tel.: +31 24 361 64 10; fax: +31 24 354 02 65.
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Open access under the Elsevier OA license.while in upper anterior teeth these are situated on the palatal
surface.3–5 The reason for the predominance of first molars
and upper incisors could be that these permanent teeth erupt
first and are therefore exposed to intrinsic and extrinsic
aetiological factors for a longer time.3
Ganss et al.6 showed that occlusal/incisal tooth substance
loss in the form of cupping/grooving is not pathogonomic for
tooth erosion but that the loss of substance may be explained
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palatal erosive wear other factors than acid may play a role in
the occurrence of tooth substance loss. Factors as attrition,3
abrasion6 and even friction of the tongue7 can interact with
acids, and result in accelerated wear of the teeth. We will refer
to this erosion-facilitated wear as erosive tooth wear.
Risk factors of erosive wear on mouth level have been
investigated in cross-sectional1,8–14 and longitudinal stud-
ies.15–17 A study on the dynamics of erosive wear in
adolescents showed differences in association between inci-
dence and background variables between lower first molars
and upper incisors.18 For lower first molars, the incidence in
boys was significantly higher than in girls, while no socio-
economic influences were found. For the upper incisors no
gender effect was found, while the incidence in adolescents
with a low socio-economic status was significantly higher
than in adolescents with a medium or high socio-economic
status. It was hypothesized that this could indicate a
difference in aetiology. Up until now, no study has aimed to
study the factors that could be specific for lower first molar
and upper incisor erosive wear. The question is if the same
factors are involved in lower first molar and upper incisor
erosive wear and to what extent these processes are different.
Therefore, the aim of the present study was to investigate
the associations between factors and the incidence of erosive
tooth wear in lower first molars and upper incisors in
adolescents. Secondly, to examine whether these associations
differ between lower first molars and upper incisors.
2. Materials and methods
2.1. Subjects
The study sample consisted of regular attendees of a
paediatric dental clinic, in the Netherlands, aged 10–12 years
at baseline. Informed consent was obtained from parents or
legal representatives of all participating children. Of the 950
invited children, 656 children participated in the study. The
enrolment of participants started in April 2004. The study
protocol was approved by Radboud University’s research
committee (CEOM No: 2003-207). The socio-economic status
(SES; low, medium and high) was based on income, level of
education and house ownership. SES was assessed using the
children’s six-digit residential postcodes.
2.2. Clinical investigation
During the 3-year study period the children were clinically
examined for signs of erosive tooth wear, at baseline, after 1.5
and 3 years. We performed a full-mouth recording of the
buccal, occlusal and lingual surfaces of the permanent teeth.
The criteria for the clinical assessment of erosive wear were a
modification3 of the diagnostic criteria developed by Lussi.19
The erosion scores in this study were as follows: 0 (no visible
erosion), 1 (initial enamel erosion: surface with silky-shining,
‘melted’ appearance, the bottom of the lesion is white), 2 (deep
enamel erosion: more pronounced signs than score 1, dentin is
shining through, light yellow), 3 (dentin erosion, the lesion
base is yellow). A more detailed description of the sampleselection, the power calculation and the clinical assessment of
erosive wear and its reproducibility has been published
earlier.5
During the three clinical examinations also the following
biological factors were assessed: unstimulated saliva flow rate
and its pH, maximum bite force, presence of canine guidance
during dynamic occlusion according to Christensen et al.,20
presence of contact between the upper six anterior teeth and
the lower anterior teeth and orthodontic treatment in the past
or present. Oral hygiene was assessed by scoring plaque on six
index-teeth (16, 11, 26, 36, 31, 46) using the criteria described by
Greene and Vermillion.21 Also the use of medication for
allergies and vitamin tablets was recorded.
2.3. Questionnaire (behavioural factors)
Every six months the children were asked to complete a self
administered food frequency questionnaire at the paediatric
dental clinic. The questions enquired about the consumption
of the previous day, of acidic drinks (acidic whey-based drinks,
carbonated soft drink, ice tea, fruit lemonade, lemonade
squash, fruit juice, energy/sport drinks, alcoholic mixed
drink), water (tap, mineral- and source water) tea, dairy
products (yoghurt/breakfast drink, yoghurt products (yoghurt,
curd, buttermilk and Yakult1), milk products (milk, chocolate
milk, custard and porridge with milk), acidic fruit (apple,
orange, mandarin, kiwi, grapefruit, peach, grapes, berries and
pineapple) and non acidic fruit (banana, melon, pear and
mango), sour vegetables (spinach, rhubarb, sauerkraut and
tomatoes), pickled vegetables (Russian salad/Salad Olivier,
gherkins, pearl onions, pickled preserves, piccalilli and
onions), cheese, chewing gum, red sauces (e.g., tomato
ketchup, curry, chilli sauce and white/yellow sauces (e.g.,
mayonnaise, salad dressing, snack sauce, garlic sauce). The
subjects answered the questions by yes or no. If yes, the
subjects indicated how many intakes they had. The final part
of the questionnaire contained questions about drinking
habits while drinking a lemonade, fruit juice or carbonated
soft drink (swishing, direct swallow, straw use), oral hygiene
(frequency of tooth brushing, the use of a hard-bristle
toothbrush) and tooth grinding.
More details about the measurement of the biological
factors and the questionnaire are described earlier.17
2.4. Statistical analysis
All analyses were based on children who were clinically
examined at baseline as well as at the 3-year examination
(n = 572). On average 6.5 (SD = 1.5) questionnaires per child
were available for analysis. Drop-out after 3 years was 12.8%,
mainly due to subjects no longer being registered at the dental
clinic.
Erosive wear was assessed on the occlusal, buccal and
lingual surface of each tooth. A score was allocated to each
tooth according the most advanced erosive wear score on that
tooth. The incidence of upper incisor erosive wear was defined
as the percentage of upper incisors without erosive wear at
baseline developing erosive wear over the course of the study.
The incidence of erosive wear on lower first molars was
defined in the same manner.
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incisors between baseline and the final examination, we
excluded teeth that were missing at the final examination.
Teeth that were missing at baseline but not at the final
examination were given a score 0 as baseline value.
The association between all measured biological and
behavioural factors and the incidence and progression of
erosive tooth wear on mouth level were examined in an earlier
study on the same sample using multivariate logistic regres-
sion analysis.17 In that study, in order to reduce the list of
factors, all factors were univariately analysed. If a factor
scored one or more p-values lower or equal to 10% in the
univariate analyses, that factor was included in multivariate
analyses. In the present study, the same list of factors is now
used to multivariately analyse the association between these
factors and the incidence of erosive wear in lower first molars
and upper incisors. Analysis on tooth level implies the
introduction of clustered data since each child can contribute
up to four upper incisors or up to two lower first molars. So the
condition of independent observations on which logistic
regression is based is not fulfilled. Therefore the GEE
technique22 was used as an extension of logistic regression,
which enables modelling of the correlations of observations
within a child (Yan and Fine). The package used was
‘‘geepack’’,23 implemented in R, version 2.10.1.24 The correla-
tions between the both central incisors and both the lateral
incisors were very high. This implies that there’s virtually no
information in the incidence of one central (or lateral) incisor,
if the incidence of the other is already known. Therefore, of
both the central and lateral incisors only one, chosen
randomly, was used for analysis.
The data of the analysed factors were handled as follows:
- Information on the dietary factors was gathered by food
frequency questionnaires which were administered every six
months. The average daily number of intake per subject per
food item over all completed questionnaires was calculated
and translated to the average weekly intakes (continuous
variable).
- Maximum bite force was averaged over all examinations.
The odds ratio of maximum bite force was per 100 N.
- Orthodontic treatment and vitamin use were dichotomized
in yes or no. If at least once a ‘‘yes’’ was scored, the variable
was coded ‘‘yes’’.
- For anterior contact at six sites and at three points in time,
giving teeth with contact the value 1. All scores were added
up and translated to a scale from 0 to 1.
- Yes/no/sometimes could be indicated for the factors: direct
swallow, use of a straw and tooth grinding. The answers
were added up counting yes for 1, sometimes for 0.5 and no
for 0, and divided by the number of completed question-
naires of a subject.
To test whether interaction between chemical and me-
chanical/drinking habits gave an added or reduced risk, both
incidence models were extended with interactions between
the combined acidic products (carbonated soft drink, fruit
lemonade, lemonade squash, energy/sports drink, alcoholic
mixed drink and sour vegetables) and bite force, toothgrinding, use of straw, and ‘‘direct swallow’’. In all cases the
interactions did not improve the incidence models, and so
interactions were not considered further.
To see whether the odds ratios for a given factor of the
incidence models significantly differed, the estimated betas,
being the natural logarithm of the odd ratios, and their
standard errors, were used in a t-test.
3. Results
3.1. Mouth level
The mean age of the children at baseline was 11.9 years
(SD = 0.9). The study sample consisted for 51% of boys and 49%
of girls. Erosive wear was present at baseline in 32.0% of the
children. In children with erosive wear, first molars (especially
the lower ones) and upper anterior teeth were predominantly
affected. Lesions in molars were mainly located on the occlusal
surface while in upper anterior teeth these were situated on the
palatal surface. At baseline 26.7% of the children had at least one
eroded lower first molar and 1.4% had signs of erosive wear on
the upper incisors. At the 3-year evaluation, where the overall
prevalence of erosive wear was 42%, the prevalence in lower
first molars was 33.9% and in upper incisors 24.1%.
3.2. Tooth level
During the study none of the upper incisors showed erosive
wear into the dentin (Table 1). The proportion of lower first
molars with deep enamel erosion increased from 1.0% at
baseline to 9.3% at the final examination (Table 2). At baseline,
none of the lower first molars had erosive wear exposing the
dentin; at the 3-year examination 6.6% of the lower first
molars showed dentin exposure. The percentage of upper
incisors without erosive wear developing erosive wear during
the follow up of three years was 22.2% (Table 1); the incidence
in lower first molars was 14.8% (Table 2). 35 lower first molars
with initial enamel erosion showed reversals. None of the
upper incisors showed reversal.
Table 3 shows the distribution of factors that were included
in the multivariate analyses. Because the use of vitamin
tablets was dichotomized its distribution is not shown in this
table. Vitamin tablets were used by 26.0% of the subjects.
3.3. Analysis of incidence in upper incisors
For the incidence of erosive wear in upper incisors positive
associations were found with carbonated soft drink (OR = 1.04)
and tooth grinding (OR = 2.93) (Table 4). In adolescents
consuming milk (OR = 0.95) and yoghurt products (OR = 0.88),
the incidence of erosive wear in upper incisors was less likely.
3.4. Analysis of incidence in lower first molars
Multivariate logistic analyses revealed significant positive
association between the incidence of erosive wear in lower
first molar and intake of alcoholic mixed drink (OR = 1.45) and
tooth grinding (OR = 4.00) (Table 4). The chance of a lower first
molar free of erosive wear to develop erosive wear, in a subject
Table 1 – Prevalence of erosive wear in upper incisors at baseline and after 3 years. The upper incisor erosive wear score is
the most advanced score recorded on an upper incisor.
Upper incisor erosive wear score at 3 years evaluation
Sound Initial enamel Deep enamel Dentin Missing Total
Upper incisor erosive wear score at baseline
Sound 1746 489 13 0 9 2257
Initial enamel 0 15 0 0 0 15
Deep enamel 0 0 2 0 0 2
Dentin 0 0 0 0 0 0
Missing 3 0 0 0 11 14
Total 1749 504 15 0 20 2288
Table 2 – Prevalence of erosive wear in lower first molars at baseline and after 3 years. The lower first molar erosive wear
score is the most advanced score recorded on a lower first molar.
Lower first molar erosive wear score at 3 years evaluation
Sound Initial enamel Deep enamel Dentin Missing Total
Lower first molar erosive wear score at baseline
Sound 781 79 43 15 2 920
Initial enamel 35 59 62 51 3 210
Deep enamel 0 0 1 10 0 11
Dentin 0 0 0 0 0 0
Missing 3 0 0 0 0 3
Total 819 138 106 76 5 1144
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subject that never grinds the teeth. The factors milk (OR = 0.96)
and yoghurt products (OR = 0.84) were significantly negatively
associated with the incidence of erosive wear in lower first
molars. The incidence of erosive wear in lower first molar was
lower in girls than in boys (OR = 0.51); lower first molars in girls
having 49% lower chance of developing erosive wear than
lower first molars in boys.Table 3 – Descriptive statistics of factors, that were included i
Mean Minimum P25 P50 P75
Diet (intake in number of glasses or portions per week)
Acidic whey-based drinks 0.56 0.00 0.00 0.00 0.0
Carbonated soft drink 8.77 0.00 4.00 7.00 12.0
Fruit lemonade 3.94 0.00 1.17 3.00 5.8
Lemonade squash 2.76 0.00 0.00 1.00 3.5
Energy/sports drink 1.61 0.00 0.00 1.00 2.6
Alcoholic mixed drink 0.16 0.00 0.00 0.00 0.0
Milk products 6.15 0.00 2.33 5.00 8.7
Yoghurt products 1.56 0.00 0.00 1.00 2.3
Sour vegetables 1.86 0.00 0.00 1.17 3.0
Chewing gum 6.58 0.00 2.33 5.00 8.7
Drinking habits
Direct swallow score (0–1) 0.76 0.00 0.64 0.80 0.9
Straw score (0–1) 0.27 0.00 0.14 0.25 0.4
Bite force (100 N) 3.98 0.62 3.12 3.91 4.6
Anterior contact (0–1) 0.53 0.00 0.29 0.50 0.7
Tooth grinding score (0–1) 0.07 0.00 0.00 0.00 0.03.5. Comparison of the models
The results of the t-test are shown in the last two columns of
Table 4. Only the odds ratios of the factor anterior contact
differed significantly between the two incidence models
( p = 0.045). Anterior contact was positively associated with
the incidence of erosive tooth wear in upper incisors
(OR = 1.90) and negatively associated with lower first molarn the multivariate logistic regression analyses.
 Maximum Standard deviation Additional distri-
butional statistics
% subjects with a
consumption of
>1/week >7/week
0 12.00 1.38 16.6 0.7
0 47.25 6.74 90.9 48.8
3 26.83 3.58 76.4 14.3
0 35.00 4.31 48.4 10.5
3 14.00 2.12 43.0 2.1
0 6.13 0.67 5.2 0.0
5 51.33 5.08 87.2 30.9
3 9.63 1.81 48.1 1.2
0 11.67 2.06 51.6 1.7
5 41.00 6.43 84.3 31.1
3 1.00 0.22 22.9% = 1
2 0.90 0.18 11.5% = 0
7 8.85 1.28
8 1.00 0.28
0 1.00 0.20 87.4% = 0
Table 4 – Results of the multivariate GEE analysis with logistic link function for factors influencing the incidence of erosive
wear in upper incisors and lower first molars ( p-values =0.05 in bold). ‘‘Comparison of models’’ shows the results of the t-
tests for comparing the effect of a factor between the two models.
Upper incisors Lower first molars Comparison of models
p Odds ratio 95% CI p Odds ratio 95% CI p 95% CI for ratio of OR’s
Acidic whey-based drinks 0.340 1.07 [0.93–1.22] 0.158 1.08 [0.97–1.21] 0.878 1.01 [0.85–1.21]
Carbonated soft drink 0.016 1.04 [1.01–1.07] 0.256 1.02 [0.99–1.05] 0.338 1.02 [0.98–1.06]
Fruit lemonade 0.954 1.00 [0.94–1.06] 0.350 1.02 [0.98–1.07] 0.520 1.02 [0.95–1.10]
Lemonade squash 0.363 0.98 [0.94–1.02] 0.314 0.98 [0.95–1.02] 0.979 1.00 [0.94–1.06]
Energy/sports drink 0.370 0.95 [0.86–1.06] 0.684 0.98 [0.90–1.07] 0.680 1.03 [0.90–1.18]
Alcoholic mixed drink 0.051 1.29 [1.00–1.67] 0.002 1.45 [1.15–1.82] 0.528 1.12 [0.78–1.59]
Milk products 0.024 0.95 [0.91–0.99] 0.031 0.96 [0.92–1.00] 0.753 1.01 [0.95–1.07]
Yoghurt products 0.033 0.88 [0.78–0.99] 0.001 0.84 [0.76–0.93] 0.530 1.05 [0.90–1.23]
Sour Vegetables 0.220 1.07 [0.96–1.19] 0.314 1.05 [0.96–1.15] 0.793 1.02 [0.88–1.18]
Chewing gum 0.487 1.01 [0.98–1.04] 0.617 1.01 [0.98–1.03] 0.852 1.00 [0.96–1.04]
Bite force (100 N) 0.808 1.02 [0.85–1.23] 0.589 0.96 [0.81–1.12] 0.589 1.07 [0.84–1.37]
Ortho 0.295 0.78 [0.49–1.24] 0.198 0.76 [0.51–1.15] 0.942 1.02 [0.55–1.91]
Gender (female = 1) 0.383 0.81 [0.51–1.29] 0.001 0.51 [0.34–0.75] 0.122 1.61 [0.87–2.97]
Anterior contact 0.120 1.90 [0.84–4.29] 0.202 0.63 [0.31–1.28] 0.045 3.02 [1.00–9.03]
Direct swallow 0.535 0.75 [0.30–1.87] 0.105 0.51 [0.23–1.15] 0.546 1.45 [0.42–5.03]
Straw 0.560 0.71 [0.22–2.25] 0.414 1.54 [0.55–4.29] 0.328 2.16 [0.45–10.4]
Tooth grinding 0.013 2.93 [1.25–6.87] <0.001 4.00 [1.84–8.68] 0.598 1.36 [0.42–4.41]
Vitamin 0.269 0.86 [0.66–1.12] 0.297 1.13 [0.90–1.41] 0.129 1.31 [0.92–1.86]
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statistically significant.
4. Discussion
In an earlier paper differences in association between
incidence and background variables (socio-economic status
and gender) between lower first molars and upper incisors
were found.18 It was hypothesized that this could indicate a
difference in aetiology. In the present study carbonated soft
drinks and gender showed significant difference in association
with the incidence of erosive wear between lower first molars
and upper incisors. To see whether factors related to the
incidence of erosive wear in upper incisors are really different
from factors related to the incidence of erosive wear in lower
first molars, the odds ratios and its 95% confidence interval of
the analysed factors were compared. In our study, except for
the factor anterior contact, no statistical significant difference
between the incidence models was found. However for gender
and vitamin the p-values were relatively low. The wide
confidence intervals between the ORs indicate a limited
power. So based on this study a difference for gender and
vitamin between the incidence models could not be excluded.
Many studies has been published on erosion of dietary
origin and showed diet to be an important etiological factor for
the development and progression of erosion.25,26 Although the
influence of acidic foods and drinks has been demonstrated in
both in vitro studies and clinical studies, contradictory results
regarding the relationship between the consumption of
erosive products and erosive wear were found between
clinical studies.1,8,10,27,28 In the present study, alcoholic mixed
drink was positively associated with the incidence of erosive
wear in lower first molars. Carbonated soft drinks and
alcoholic mixed drink, of which the latter almost reached
significance, were positively associated with upper incisor
erosive wear. Drinking habits as swishing or holding the drinkin the mouth were not significantly associated with lower first
molar or upper incisor erosive wear. These findings differ from
the results of a cross-sectional study which demonstrated a
significant positive association between ‘swishing carbonated
drinks’ and the prevalence of smooth bordered wear in lower
molars and a significant inverse relationship between ‘acidic
drinks’ and the prevalence of smooth bordered wear in upper
anterior teeth.3
Erosive wear is less likely to occur in adolescents consum-
ing milk and yoghurt products; this goes for both lower first
molars as well as for upper incisors. Besides that milk proteins
may contribute to the protective effect of the salivary pellicle,
the consumption of dairy products may represent a lifestyle
that reduces the chance of erosive wear to occur.
Tooth grinding proved to be a significant risk factor for both
lower first molar and upper incisor erosive wear. The recording
of tooth substance loss, during the clinical examinations, was
done irrespective of the assumed aetiology. Erosive wear was
scored when smooth bordered wear was detected.3 Sharp
bordered wear (pure attrition) mainly seen on incisal edges was
not scored as erosive wear. Tooth grinding as a positively
associated factor for occlusal lower first molar erosive shows
that also an attritional factor may play a role in the erosive
process. In assessing the relationship between the prevalence of
erosion and dietary intake, Al-Dlaigan et al.12 excluded wear on
incisal and occlusal surfaces to minimise the influence of any
tooth surface loss caused by attrition. Ganss et al.6 stated that
cupping/grooving of occlusal/incisal surfaces is not a valid
criterion for erosion, because this kind of tooth wear was also
seen in medieval subjects who lived on an abrasive diet.
It is often stated that tooth wear in adults is more likely to
be attributed to a combination of attrition, abrasion and
erosion and that in a young age-group the main aetiological
factor for tooth wear is erosion.12 The present study, in which
tooth grinding was found to be a big contributor in the
incidence of erosive wear, suggests that erosive wear even in
young people has a multifactorial aetiology.
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explain the difference found in prevalence of erosive tooth
wear between boys and girls. One could also imagine that bite
force plays a bigger role in the erosion experience of molars
than in anterior teeth.18 But in the present study, after
correction for all other factors including bite force, the
association between gender and the incidence of erosive wear
in lower first molar continues to be significant. Lower first
molars in girls having 49% lower chance of developing erosive
wear than lower first molars in boys. No significant gender
association with the incidence of upper incisor erosion was
found. Further investigation is needed to reveal the true risk
factor which gender for now conceals.
5. Conclusions
In the present study, except for anterior contact, no difference
in risk factors between the incidence of erosive wear in lower
first molars and upper incisors was found. This indicates that
the aetiology of erosive wear in lower first molars is similar to
that in upper incisors.
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